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Instructions:
# This question paper consists of 50 questions in 12 pages.
¥ Answer all the questions.
#® Write your Index Number in the space provided in the answer sheet.
¥ Read the instructions given on the back of the answer sheet carefully. R
% In each of the questions 1 to 50, pick one of the alternatives from (1), @), 3, @, 3
which is correct or most appropriate and mark Jyour response on the answer sheet with
@ cross (x) in accordance with the instructions given on the back of the answer sheet.

Use of calculators is not allowed,
(Acceleration due to gravity, g = 10N kg‘l)

[ 4

. Unit of pressure is
(1) kgms? (2) kgm?s? () kgmls? @) kgm?s3  (5) kgmr2s? Al

- X, Y and Z represent three physical quantities with different dimensions. They can be combined
to form another physical quantity P of the form, :
. P=AX + BY + CZ
Which of the following expressions has different dimensions from the rest?
(BYY

(1) AX @ ax-cz @ QD ) B s

- Which of the following statements is not true?
(1) LASER light consists of transverse waves.
(2) Gamma rays are transverse waves,
(3) Primary waves (P-waves) travelling through the crust of the Earth are longitudinal waves.
(4) Ultrasound waves are longitudinal waves.
(5) FM waves are longitudinal waves.

. Consider the following statements made regarding the speed of sound v in an ideal gas.
(A) v is directly proportional to the absolute temperature of the gas.
(B) v is inversely proportional to the molar mass of the gas.
(C) v depends on the ratio of the molar heat capacities v for the gas.

Of the above statements,

(1) only A is true. (2) only C is true.

(3) only A and B are true. (4) only B and C are true.
(5) all A, B and C are true.

. Which of the following statements made regarding optical instruments under normal adjustment

is not true?

(1) In a simple microscope, the image of the object is virtual.

(2) When reading small letters using a simple microscope, a short-sighted person has an advantage

over a long-sighted person.

(3) In a compound microscope, the eyepiece acts as a simple microscope.

(4) In a compound microscope, the final image is inverted.

(5) In an astronomical telescope, the object distance and the image distance are both considered
\_ to be very large.
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6. In a certain thermodynamic process in which an ideal gas is used, the increase of the internal energy
of the gas is equal to the heat supplied to the gas. This process is
(1) a cyclic process. (2) an adiabatic process.
(3) a constant pressure process. (4) a constant volume process.
(5) an isothermal process.

7. When the temperature of a metal rod is increased by 100 °C, its fractional change in length is
2.4 x 1075, The linear expansivity of the material of the rod is
(1) 2.4x103°C! (2) 2.4x10~4°C! (3) 24x 1075 °C!
4 2.4x10°¢°C! (5) 2.4x1077 eC-1

8. A certain transformer has 900 turns in the primary coil and 30 turns in the secondary coil. When
240V alternating voltage is applied across the primary coil, the voltage across the secondary coil is

(1 oV 2) 8V Gy 12v @@ 72V (5) 72kV
9. Which of the following is not a source of emf.?
(1} Electrochemical cell (2) Photodiode (3) Piezoelectric crystal
(4) Thermocouple (5) Charged capacitor '
10. The logic circuit shown in figure (a) is equivalent to
A
B
F
Figure (@)
AW}F A:D—OF AW}—-F. AMD‘F AMD&—‘F
H @ 3) @ &)

11. The accelerations due to gravity on the surfaces of a uniform spherical planet A of radius R, and a
uniform spherical planet B of radius R, are equal. If the mass of A is twice the mass of B,

R R
(1) Ry=VZRy (D R, =28, () Ry=7 @ R="2 ) Ry=Ry
12. A, B, C, D and E are five coplanar forces of equal magnitudes actingona ¥
body as shown in figure (a). Which of the following diagrams best represents

B
the direction of the resultant of these forces? y %\:
DN\v'E

0 Figure (a)

LV L s s

0 o0 X
@ 3) ] &)

13. An ant of mass 2 x 10 kg (2 milligrams), which is stationary at the edge
of a horizontal smooth strip is removed in 0.2s by blowing with mouth.
The direction of blowing is horizontal as shown by the arrows in the figure.
If the ant is thrown out in the direction of the blowing with a horizontal
velocity of 0.5 ms™!, the average force exerted on the ant by the blow is
(1) 5x10¢N @ 1x10°N  (3) 2x10°°N (@) 1x103N (5) 5x102N

A !

rey 3

Ant
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14. A small object of mass m placed on the horizontal surface of a frozen pond is given a kick imparting

15.

16.

\

an initial speed v, along the horizontal direction. The object moves on the surface in a horizontal
straight line without rotation. The coefficient of kinetic friction between the object and the surface
is . If the air resistance can be neglected, the distance that the object moves before coming to rest
is

v

2
@ %
2g

2
n Yo
( 2ug

A coplanar structure is made by connecting eleven identical
spheres each of mass m using ten identical light rods as
shown in the figure. The centre of gravity of the structure
is most likely to be at the point,

(1) o
2 A
3) B
4 C
(3 D

2 2
@ % 3) 2w
204 HE

2
65
3

A block of mass 2 kg is pushed along a horizontal surface.
The variation of the displacement x, of the block with T
time ¢, is shown in the figure. The values of the resultant - :
force F acting on the block along the direction of motion 4-11- /
during each of the time intervals O << 2,2<t<4 and :
4<t<5 do not change. Which of the following correctly T

17.

represents the magnitude of 7 in each of the time intervals? , i

F(N) F(N) FN) - S

O<t<2) | 2<t<q) d<t<5) e

1 0 0 0
2) 0 15 0 0 .
€)) 0 2 0 2 4 «s)
@ 1 0 0
&) 2 15 1

Figure shows a displacement (x) - time () curve for x(102 m)
an object executing simple harmonic motion. For this
motion, magnitudes of the period 7, the frequency f,
the angular speed w, the maximum speed V., and 0
the maximum aceeleration ..., are given by, -2*

8))
@
&)
@
&)

2

ANVAN
NN 1A_A 2\ 1

T'(s) F(H) oY | v, x102ms) G X 102 (m 572
0.5 2 4 4 16

1 1 2% 4t 8n

1 2% 2 4r 8

1 1 2 8n 1612

1 1 4n 8 16

LS —
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. An elephant at rest is observed by a person 1km away frow. : :
trumpet of the elephant heard by thep;erson is 10710 %’Vm‘z. Jocation. The soun:ii ég:::“gm?nf
a point source. If the threshold of hearing of the person is 10me that the soun the maximum
distance from which he can hear this trumpet? T2, what IS :

(1) 1 km (2) 2 km (3) 45 km 4 10 kn

(5) 20 km

v having a larger bulb
assume that walls of

. Two mercury-in-glass thermometers P and Q are to be constructed wa
of mercury than that of O, and both calibrated in the range 0°C -~ 100°
both bulbs have the same thickness. Consider the following statements.
:Jsi;:ag capillary tubes with appropriate uniform bore radii, the two thermomete. .an be constructed
o have

(A) the same capillary length between 0°C and 100°C markings.
(B) the same response time for rapid changes in the measuring temperature.
(C) a higher sensitivity in thermometer P than the sensitivity of @ thermomete.
Of the above statements,
(1) only A is true. (2) only B is true.
(3) only B and C are true. (4) only A and C are true.
(5) all A, B and C are true.

. Water at 0°C is continuously fed into a fully insulated boiler fixed with an immersion heater at a constzag
rate of 1 x.10-2kgs™!. The specific heat capacity and the specific latent heat of vaporization of water ar
42x 10°Jkg!' °C! and 225 x 108 Jkg! respectively. If the steam at 100°C is to be produced
at the same rate as that of supply of water, the power of the immersion heater should be

(1) 42 kW (2) 22.5 kW (3) 26.7 kW (4) 420 kW (5 2670 kW

. In the circuit shown, value of each capacitor is 1 pF
When the capacitors are fully charged, the total charge
stored in capacitors is

(1) 2pC @) 4pC @) 5pC
@) 8pC (5) 10pC

. Figures show five clusters of soap bubbles in air, as drawn by a student. If centres of the bubbles
in each cluster are coplanar, which of the following shows the cluster with physically possible

correct shape? &
ey ’ 2) 3) @ &)

23. A Gaussian surface § is drawn enclosing a charge distribution of net
positive charge as shown in the figure. If the electric flux through the
portion of the surface marked as A is - (¥ > 0), which of the following
is true regarding the electric flux v, through the rest of the Gaussian @

surface?

(1) =~y () yYp= +y (3) Yp< -y
\_ @) yp< +y 5) yp> +y
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24. The three identical vor sources in the circuits (A), (B) and (C), have a negligible internal

,@mprmmts a voltmeter having internal resistance r. If Ry = _Iﬁ_'_,
is true regarding I,, I, and I, shown in the circuits? Ry+r

TCS?Stanoe. In circuit
which of the follov’

>

-
-
-
o

©

mrh=h @nL>5L>4 G L >5=1
@:=5>1 G) I > I, > I

25, pphe figure shown, represents a network consisting of resistors
. unknown values. If the internal resistance of the voltage source is

negligible, the power dissipated by the network is

(1) 60mW 2) 90OmwW (3) 120mW 0V =

4 150mwW (5) 180mW '

. In the figure shown 1, 2, 3, 4, 5 and 6 represent six identical
electric bulbs. Consider the operation of the circuit under
conditions (A), (B) and (C) given below.

(A) When bulb 2 is bumt.

{B) When bulbs 2 and 5 are burnt.

(C) When none of the bulbs are burnt.
Unburnt bulbs in the circuit can be seen glowing at the
same brightness in,
(1) B only. (2) C only.
(3) A and C only. (4) B and C only.
(5) all A, B and C.

. In the given circuit, the three 741 operational amplifiers
@, @ and (D are operated by power supplies of 15V,
+10V, and +8YV, respectively. The approximate values
of the output voltages V,, V, and V, are respectively
given by,

8V
(1) +2V, -4V, -4V ¥
@) +15V, ~10V, -8V 4
() +2V, +4V, -4V g @8v

4 -15V, +10V, +8V
(5) +15V, +10V, +8V

YYYey

YEVEY Y

. A uniform straight heavy plank of length 5/
and mass 5m is kept horizontal on two supports
separated by a distance 2/ as shown in the figure.
A painter of mass m needs to walk along the
entire length of the plank carrying his bucket of
paint. What is the maximum mass of the bucket of paint that can be carried by the painter without
toppling the plank?

m & @ L= @»2ZE @m S

N
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29. Three tanks A, B, and C open at the top are initially filled with
water to levels as shown in figure. They provide water at very
slow speed to an outlet where static conditions could be applied.
The two valves V, and V, allow water to flow only downwards
when the pressure above the valve is greater than the pressure
below the valve. When the system is put into operation with the
initial conditions shown in the figure, which of the following L <
statements best describes subsequent operation of the system? ', H

(1) Only C will contribute to the flow at the outlet. o

(2) Initially, C starts to contribute to the flow at the outlet followed by B and then A in succession.
(3) Initially, A starts to contribute to the flow at the outlet followed by B and then C in succession.
(4) The three tanks will never contribute to the flow at the outlet simultaneously.

(5) Initially, all three tanks contribute to the flow at the outlet with major contribution from C.

. In an experiment to find Young’s modulus, three different wires Fa
W), W, and W; of the same material have been used and obtained
three curves G, G, and G, respectively for the graph of applied
tensile force F with extension AL as shown in the figure. Which of
the following statements, made for the reason of obtaining different
graphs, is true?

(1) The ‘wire W, may have a larger length and a smaller area of
cross-section than w,.

(2) The wire W, may have the same length as W, but a smaller area
of cross-section than W,.

(3) The wire W, may have the same area of cross-section as W, but a length larger than w,.

(4) The wire W, may have a smaller area of cross-section, but a larger length than W;.

(5) The wire W, may have a larger value for the ratio, Area Oflcmsz;sec‘i"“ than that of W,.
L£ng

- A thin flat plate Z is placed midway between two large
horizontal plates X and Y, and the space is filled with e ——
a viscous oil as shown in the figure. Now, consider = oil- 2 ot
a situation that the plate Z is pulied horizontally to
the right with constant speed v and plate Y is pulled
horizontally to the left with constant speed 2 while

keeping X stationary. The velocity vectors of thin oil
layers between plates X and Y are best represented in,

X

Z

Y

32. Radioactive clement f X transforms (o stable Zggpb after emitting eight a particles and six f particles
in successive decays. The numbers of protons and neutrons in the element X respectively are

() 92, 130 (2) 92, 146 3) 92, 238 4 104, 148 (5) 146, 92

e
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33. Consider a non-viscous and incompressible fluid moving
with steady streamline flow through a tube of non-uniform
cross-sectional area in a vertical plane. Figure shows the
vertical cross-section of the tube. X, Y and Z represent
three positions of a streamline. Area of cross-section of
the tube at X is same as that at Z. Consider the following
inequalities for the relative magnitudes of the kinetic energies per unit volume (KE,, KE,, KE,),
potential energies per unit volume (PE,, PE,, PE,) and the fluid pressures (P, P,, P,) at the positions
X, Y and Z respectively.

(A) KE, < KE, < KE, (B) PEy, < PE, < PE, © P, <P, <Py
Of the above inequalities,
(1) only A is true. (2) only B is true. -
(3) only A and B are true. (4) only B and C are true,
(3) all A, B and C are true.
34. A disc freely rotates without friction at a certain angular speed, about a e
fixed vertical axis normal to the plane of the disc and passing through ! .
its centre. At time ¢ = 0, a spider vertically lowers itself with negligible ‘ Spider
speed onto the rim of the rotating disc as shown in figure, and becomes
rest. Variation of the magnitudes of the angular momentum (L) and the
angular spéed (w) of the disc only with time (f) is best represented by, T
w, L w, L w, L :
A T A
L L
L
e —
- T S
0 1 0 Tt 0 Tt
M (2) 3
a), L w, LA
/L
g L
N
N~
> [ >t
0 @ 0 ) .
35. Figure shows vertical cross-sections of three e , ;
uniform bodies A, B and C of identical masses. A ’ el el :
is a solid sphere of radius r. C is a hollow sphere E
of radius r and having thin walls. The spheres
can be rotated about vertical axes passing through 4 C

respective centres. B is a disc of radius r which

1
)
¥
H
H

can be rotated about an axis normal to the plane X
of the disc passing through its centre. All figures

are drawn to same scale. If KE,, KE, and KE,. respectively are the rotational kinetic energies to be
provided for the bodies A, B and C to attain equal angular speeds, which of the following expressions

3
]

is true? .
(1) KE, < KE; < KE_ (2) KE, < KE, < KE, (3) KE. < KE, < KE,
(4) KE, < KE_ < KE, (5) KE, = KE; = KE_.

. J
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36. A whistle that is used to train a dog produces a frequency of 22kHz which is more than the

- Number 23 is written on a piece of paper placed on the flat horizontal surface of a table. A thin
convex lens is held just above the number and then it is slowly taken vertically upward while looking
at the image of the number through it, and keeping its optical axis vertical. Which of the following
best represents the variation of the size and shape of the image as the lens is gradually moved up
from the number 237

0 28.3 282‘&’ 2 23.83 8888
3) S888.. v 3232 ... o889

. The hollow glass prism with thick walls as shown in figure, is

. Biscuits of a freshly opened packet of biscuits were placed inside a container, and it was tightly closed

. F“tgurevshows how four thermally insulated heat conducting rods of equal lengths and equal cross-

-~

thereshold of hearing of the human. The trainer of the dog wants to make sure that the whistle
is working. While the trainer stands by the side of a long straight road, he asks a friend to
blow this whistle from a car moving along the same road. The required speed of the car and the
direction of motion of the car for the trainer to hear the whistle at his threshold of hearing of
20 kHz is (Speed of sound in air is 340 ms™)

(1) 31 ms™, away from the trainer. (2) 32 ms™, away from the trainer.

(3) 34 ms™!, away from the trainer. (4) 32 ms™, towards the trainer.

(5) 34 ms, towards the trainer.

made of a material of refractive index x,. A ray of monochromatic
light PQ travelling in air is incident” on the glass surface as
shown in figure. In order to make the emergent ray travel along
X, Y and Z directions respectively, the cavity of the hollow prism
should be separately filled with transparent fluids of refractive
index u, where

I u< Hes B = and g > Hy respectively.

) u> Hoo 1 < My, and u = 1 respectively.

G u=1,u= o> and u < Hy respectively.

@D u=1up< My and u > K, respectively.

B) u= Moo 4 = 1, and p = #, respectively.

with a lid, so that air cannot enter or leave the container. The initial relative humidity inside the container
was also found to be 80%. After a few days, it was found that the relative humidity inside the container,
had decreased to 30% and the mass of the biscuits had increased by m_ If the temperature inside the container
remained constant throughout, the mass of water vapour initially present inside the container was

Sm 1im 8m S5m 8m
(n 2 3 @ 5 %
sectional areas are connected between two heat reservoirs maintained at temperatures 100 °C and
0°C. A is a thermally insulated heat reservoir which always remains at constant temperature 6.

The thermal conductivities ky, k, and k; of the rods are 10, 30 and 50Wm K- respectively. At
the steady state, the temperature 6 of the reservoir A is

g e R At Pl L o R T ST T o
//_ 2 YR s /:{%//,,:// /,,’/i{/é_{/;
S oy

/

gﬁ Insulation

B Rods

s
7 TR
o 7, /22’ /,;,,/,

(2) 85°C 4) 75°C (3) 65°C
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41. A glass bottle of special shape, a vertical cross-section of which Il

is shown in figure consists of a large cavity, a small spherical

cavity of radius r and a narrow tapered tube of length 1. The
total volume of the large cavity and the half of the volume of X777z
the small cavity are initially filled with water at 0 °C as shown. ;

If the expansion of the bottle is negligible, the variation of height
(h) of the water surface measured from the level XY, with the
temperature of the water (0) is best represented by

/l 1} }1 » h h
2r+i 2r+d 2r+d

2r 2r 2r

r r r

—> 6 (°C) > 6(°C) —* 9 (°C)
0 0 0 @ 0 @)

2r+i 2r+f

2 2

0 > 0¢0) > 9.CC)
@ 0 )

42. In the circuit shown in figure (a), the box with broken lines contains c.
a resistor network. The 2V battery has a negligible internal —
resistance. An ideal voltmeter connected across ab gives a reading

4

indicates 2 mA. The resistor network inside the box with broken
lines is | I

b 4
i i
i }
-
of 1'V. When the voltmeter is replaced by an ideal ammeter it 2V f :'
: |
e

N

(.
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43. In the circuit shown, X and Y represent the terminals

44. When a long capillary tube of uniform bore

. capillary tube rises to a height h, as shown

of a variable voltage source situated in the box with
broken lines. P is a variable resistor. D is an ideal
diode. As the value of the voltage V, at point X is
gradually increased from O to 15V, which of the
following graphs correctly represents the variation of
the overall resistance R of the section of the circuit
to the right of XY?

k&)
s

SO —

vav) 0

radius is dipped vertically in a beaker of
water of density 4, the water column in the

in figure (a). Now, an oil of density 4, (<d,)
is poured onto the surface of the water in the
beaker slowly without disturbing the water as
shown in figure (b). Assume that the oil and
water are immiscible liquids. The variation
of height H of the water column inside the
capillary tube, measured from the water
surface, with the height k of the oil layer is
best represented in

H H H
h°1"‘“ }J/ ’J/ o
0 *h o *h ¢

1) ) 3)

45.

- h (
(5

Charges in an isolated distribution of three +g point charges are located at distances 2cm, 3cm and
6cm from a point O. Another charge can be brought from infinity to the point O without doing
any work once a point charge of —q is placed at a distance r from the point O. The value of r is
(1) lem (2) 2cm (3) 3cm 4 4cm (5) 5cm

S/
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46. Two teams start to play tug-of-war using a rope of uniform strength on a hard flat horizontal
surface as shown in the figure. Both teams apply equal forces and as a result, the point O on
the rope does mot move. Consider the following statements made about this situation.

(A) If each of the members of the two groups applies the same force on the rope, the
magnitude of the tension throughout the rope is the same.
(B) If the magnitude of tension on the rope exceeds its breaking tension, the rope will break
only at a point between P and Q.
(C) The magnitude of the maximum force that can be applied by an individual on the rope
depends on the coefficient of static friction between feet of the individual and the surface.
Of the above statements,
(1) only A is true. (2) only B is true.
(3) only A and B are true. (4) only B and C are true.
(5) all A, B and C are true.

47. Figure shows three objects (A), (B) and (C) which are

made using three uniform wooden cubes of identical
dimensions made out of the same material, and three
identical uniform metal cubes. In (A) and (B) the metal
(A) (B)

cubes are glued onto the top and the bottom of the
wooden cubes respectively. In (C), the metal cube is
embedded in the wooden cube, as shown in the figure.
The three objects (A), (B) and (C) are now slowly lowered without changing their orientation and
made to float vertically in a pool of water. If the depths to which the wooden cubes are immersed
in water are H,, H, and H_ respectively, which of the following relationships is true?

(1) H, > Hy > H, ) H, = Hy > H.

(3) H, = Hy = H,, (4 H.> Hy; > H,

(5) Hy > H, > Hy

©

48. An infinitely long thin straight wire held perpendicular to the plane of the paper at point O carries
a current [ into the paper as shown in the figure. Nine other similar infinitely long wires, parallel
to the above wire, and held on the circumference of a circle of radius r with centre at point O,
each carries a current [ into the paper. Except for wires A and B, the angular separation between
any two consecutive wires is 30° as shown. The magnitude and the direction of the magnetic force

per unit length on the wire beld at the centre O due to other wires are, (Take cos 30° = léé )

#l”
(1) 5X-(1+B)in the direction of YO.

2 Y
@ *‘%{*(Hs@)in the direction of OY. 5
r .
pol® . L e i o
3) r (1+¥3)in the direction of OY. o .
) »”%-(Hﬁ)in the direction of OX. . gz'jéfr;_.-__, X
Spgl . .
(5) -5 —in the direction of YO. * K
- : )

e
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49. A toy car shown in figure (a) having
an isolated metal axle PQ, travels with
a constant speed v along a sinusoidal
path whose vertical cross-section is in
zx plane as shown in figure (b). At time
t =0, the axie PQ coincides with the y axis.
If a uniform magnetic field of flux
density B exists throughout the region in
the +2z direction and normal to the xy plane,
the variation of the induced emf(e) at
end P of the axle with respect to end Q,
with time (1) is best represented by, (Neglect
the effect of the Earth magnetic field.)

e

o

N

£

189

G &)

50. A, B, C and D represent vertical cross sections of four identical parallel rectangular metal plates
placed normal to the plane of the paper. Each of the plates B, C, and D has a small hole at
its centre. The three plates are arranged so that their holes are coaxially placed as shown in
figure (a). Plate A is grounded and the entire system is in a vacuum. A stationary electron is
created at time ¢ = 0, at the position O on the axis through the holes as shown. Which of the
voltages V, V. and V), should be applied to the plates to obtain the velocity (v) — time (7) curve
shown in figure (b) for the electron? (Assume that the given voltages are suitable for practical
use and that the edge effects and gravitational effects can be neglected.)

A

()
2
&)
@
&)

—
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General Certificate of Education (Adv. Level) Examination — August 2018
Marking Scheme for Physics 11

PART A -~ Structured Essmy
Answer all four questions on this paper iteelf.
(Acceleration due 10 gravity, g = 10N kg™)

1. An experimental setup of Harc's apperatus used in a school laboratory is shown in
figure (I). As shown, x, and x, represent the heights 1o the mark A of the relevant
indicator from the water and liquid swfaces in the beakers respectively.

Liguid
(a) () What is the purpose of using & clip in Hare's apperatus?

To maintain liquid columns in the arms of the Hare’s apparatus OR
To maintain liguid heights at a constant value OR

To maintain pressure inside the tubes at a constant value OR

To block the air going into the tubes from outside.

(For any correct answer)
(No marks for the answers just explaining properties of the clip)

(k)mdmsimofmmmhqx%md and d, respectively. If & and A,
mmw«mwmmmmmmmwmu
mmmmuwuwm derive an expression for
h, in terms of A, d,, x,, d, and x,.

P+ (hy + xy)dyg = P+ (b + x)di g
(For correct expression. When awarding this mark, disregard the P or the symbol
used for pressure. However, P or the symbol on both side should be the same)

h, = d‘”h +( o %) RO (111

(OR any other correct form of_h;)
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(i) If the expected heights of the liquid column and the water column are significantly
different (o each other, more attention has to be paid on one height than the other
when planning out the experiment to take a set of readings and plot'a graph. What
is the height you pay more attention (one with a smaller height or larger height)?
Explain your answer giving reasons,

Answer: Larger height

Explanation: 1t will reach the maximum height of the tube first OR
To obtain best possible/largest spread data points for the graph.

(For correct answer and explanation)

(iv) Every time after changing the heights of liquid and water columns in tubes and
closing the clip you need to make another adjustment before taking the measurements
with regard to new heights. Write down the experimental procedure which you
should follow to make this adjustment.

Indicators have to be readjusted until they touch the surfaces of the water
and liquid levels in the beaker. ceviiiiirienenennn(01)

(Measuring scale should be readjusted to coincide one of its marks with M)

(b) The apparatus shown in figure (2) can be used to vary
the air pressure inside the tubes of the Hare’s apparatus, ...
This system works on Bemoulli's principle. The air
pressure inside the tube 7 can be changed by adjusting
the speed of the narrow water jet passing through the
mﬁmxwtheappamwithmehe!pdﬂmtap‘m
position A of the apparatus shown in figure (2) can be
connected to the position A of the rubber tube shown
in figure (1), to make an improved version of Hare's
apparatus.

(i) Write down the procedures used in Hare's apparatus
available in the school laboratory, and improved
version of Hare's apparatus mentioned in (b), when '
establishing the liquid columns in the tubes, Figure (2)
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Hare’s apparatus available in the school :
Sucking with mouth

Improved version of the Hare’s apparatus :
Adjusting the speed of the water jet OR
By adjusting the tap. (For any correct answer)

(ii) Give one main advantage of using the improved sctup mentioned in {b) over the
apparatus generally available in the school laboratory.

Sucking is not necessary OR
Relative density of a poisonous liquid can be determined OR
Inhaling vapors of liquid (poisonous) can be avoided OR
Independent variable (/,) can be set to a desired value easily OR
A set of equally distributed data points can be obtained easily to plot the
relevant graph.
(For any correct answer)
(¢) A graph plotted using a set of readings obtained from the improved apparatus, mentioned
in (b) above, is shown below. The graph shows the variation of the heights 4 and h,
. of the liquid columns for water and sulphuric acid respectively.
h(x 10 m),
300+

250

AR ]

|

100

9% 130 190 240 200 340 390 440 490
(i) In this experiment you are provided with a scale which can measure the length
with an accuracy of | mm. What is the maximum fractional error associated with
h,, measurements taken in this experiment?

Al 1
TS = 0.01 OR 1% (No marks for other anSWers).«.vees(01)
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(i) Using the two points P and Q on the graph, calculate the relative density of sulphuric acid.

. . . ., d
Relative density of sulfuric acid, E—l-
w

_ (480-130) _ 35 _ 184
(270-80) 19

(For identifying gradient as 1/relative density)

Total: 10 marks

2. Figure (1) shows an incomplete diagram of an experimental setup
that can be used to verify Charles’s law.

(a) Upto what level A, B, C or D should water be filled in the
cylinder in order to perform the experiment accurately?

Up to level 4
(OR water level marked at the point 4 in the figure below)

(b {Tfraw in figure (1), the important missing item, in the incompiete
diagram (with appropriate size) other than water that you would
require in this experiment.

Stirrer properly drawn as shown

(To award this mark, the handle of the stirrer should be above the water

level 4, and the size of the ring of the stirrer should be large enough to do
the stirring properly.)
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(¢} Give two advantages of using a mercury thread over a water
thread in this experiment.

Relatively high pressure can be obtained from a small mercury thread OR
Measurements can be obtained for relatively a large range of temperatures OR
Saturated vapor pressure of mercury is small OR

Mercury does not wet glass OR

Boiling point of mercury is high OR

Edge of the mercury thread (silver color) can be seen easily.

(FOr any tWo COITEC ANSWETS)....teeeerurrerrarurreeeeesirrrreesessnnsenees (01)
(Correct relevant negative arguments are acceptable)

(d) As the temperature is increased, mercury thread will also expand.
Explain why this expansion does mot affect the pressure of the
trapped air column.

Mass/weight of mercury thread will remain constant OR
Density of mercury thread will decrease (as length x density x g constant).

(For any correct answers) ................. 01)

(e) In this experiment, you arc asked (o measure the length ;) of the trapped air column
and its temperature (6 °C). Write down the main steps in the experimental procedures
which you should follow 10 ensure that (i) the thermometer reading itself provides
the temperature of the trapped air column, and (ii) length l, itself is the exact length
corresponding to ¢ °C,

(i) Stirring the water in the cylinder and,
moving the Bunsen burner in and out of the system.

(If both procedures are COITect)......cc.nmrunnne...... (01)

(i1) Ensuring a steady/stationary mercury thread in the tube (while maintaining a

constant temperature in the water/thermometer) — ......................c.... (01)

(/}Iifﬂmiengﬁxsofthedryairco!umnhappedinsidcﬂmcapﬂiarymbecfmﬁfmn bore
diameter at 0°C and 6°C are /, and [, respectively, write down an expression for I, in
terms of Ypr lpand 6, where Y, is the volume expansivity at constant pressure for dry air.
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(¢) Draw a rough sketch of the expected graph with /, on the y-axis and 8 in °C on the x-axis.

4 (For straight line with positive intercept (C). No

marks if the value of C very close to 0 or straight

/ lines with_unacceptably high slopes)

0 4%

- (&)AWMM&&W&&MMWM%W
@Ka)rmm&mwmmmﬁw%)wmmﬁm
W!mam'mgamdmd!w is it more advantageo

antageous? Explain your answer,

Answer: Advantages

. Figure 2(s) Figure 200)
Explanation: Fractional error associated with length measurements can be reduced

OR For a given temperature range, change in length will be large.

OR

Answer: Disadvantages

Explanation: Taking several readings for the temperature measurements to plot a
graph will be difficult OR Mercury thread will be pushed out from the tube even
for a relatively small increase in temperature.
(For the correct explanation/s with appropriate anSwer/s.) .........eeeeeees. 01
(Award this mark even if a student has provided both answers)

() Can you perform this experiment properly using an electric hot pshm instead of a BM
burner? Explain your answer. I

Answer: No

Explanation:

Controlling the temperature of the water will be difficult OR

Keeping the temperature of the water at a constant value will be difficult OR

Heat flow to water cannot be stopped suddenly by switching off the hot plate OR

Removing the hot plate from the set up to keep temperature constant is impractical
(For any correct explanation)

Total: 10 marks
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3. You are asked to find the A
refractive index of glass using
a rectangular block of glass and
a travelling microscope. A small
amiount of lycopodium powder
and a piece of white paper cut
to the size of the glass block H
are also provided. A letter ‘X’
is marked in the middle of a1
the white paper. Diagram of a : VJ
travelling microscope that can ‘
be used in this experiment is
shown in figure (1).

-
Figure (1)

(a) Kdentify the parts marked with A, B, C and D, and briefly state their functions.

Identification Function

A | Fine adjustment knob | To perform the fine adjustment in vertical
direction OR For fine focusing of the image
B | Focusing knob/ To focus the image of the object OR
Adjustment knob of | To get a clear image of the object

the microscope

C | Levelling screws To level the travelling microscope setup
D | Spirit level To verify the leveling

(If the ‘identification’ is provided under ‘function’, accept it as correct)
[If any three (identification and the relevant function) correct].........coevreuvernnne. (02)
[If any two (identification and the relevant function) correct]........cceevrureriunnen. 01)
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(b) Before starting the experiment, while familiarizing with a travelling microscope a student
observed that when the fine adjustment knob relevant to the horizontal movement was
turned, the comresponding vernier scale did not move. Give the reason for this.

F/Locking knob is not locked

(No marks for other answers)

(¢} An enlarged figure of the main scale and the vernier scale o
of a travelling microscope are shown. Calculate the Jeast
count of this travelling microscope in centimetres.

Zem

24.5 0.5
Minimum reading = (0.5 —_—) ==
& 50 50

(No marks if the correct derivation of the least count is not shown)

(d) What is the ad;iﬁstmem that you perform on the eyepiece before starting the experiment?

Focusing the cross wire of the microscope

(€) Now you are asked to place the given piece of paper on stage G of the travelling microscope
and obtain the first measurement with the microscope using the mark ‘X’ before placing the
glass block. Write down the main steps in the experimental procedure you would follow
to achieve this.

(Unlock) the microscope and adjust the microscope assembly until an image of X
is seen. (Lock it) use the knob 4/B for fine focusing of the image. ............ (01)

(When awarding this mark look for underline terms in the
answers in this part or/and in part (g) below)
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() Relevant positions of the main scale and vemier scale corresponding to the measurement
mentioned in (e¢) above are shown below. Write down the reading corresponding to the
measurement in centimetres.

B s LN Y
-
- g Y

(No marks for other answers)

(2) After taking the first measurement mentioned in (¢) above, write down the important
steps in the experimental procedures pertaining to the other two measurements that you
need to perform.

(i) Place the glass block on the mark X and take the relevant reading of the focused

image of X (as mentioned above use 4 without adjusting the B). ................(01)

(ii) Sprinkle a small amount of lycopodium powder on the glass block and take the

relevant reading of the focused image of lycopodium power particle......... (01)

(h) Readings of the relevant three measurements obtained by another student when performing
this experiment are given below.
4.606 cm 5496 cm, 7206 cm
Using these measurements, calculate the refractive index of glass.

7.206—-4.606) __ 2.600

ractive index = ( =
Ret; 7.206—5.496 1.710

= 1.52

Total: 10 marks
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4 Figm(&}mows_m\adcnmizmbyaww{m 1.5V dry cells. A disc ¥ perforated
mmm«wmm”minm@)kmmmmmmam
dc motor. Whea the disc rotates, light produced by LED passes through the holes and falls on a
photodiode P. See figure (C). The photodiode circuit shown in figure (D) generaies a voltage V.

™1 de motor

& m*ﬂmiiv

Figwe (A)
(@) Identify the component X.

Rheostat
(Do not accept any other answer as correct)

{b) How would you change the rotational speed of the disc ¥?
By X/Rheostat/changing the current

(c)misﬁmadvm&ageﬁmfmvlé’vm&iam&?

Current can be drawn for a longer time OR
Constant voltage can be maintained for a longer time

Mk'T?;éiwhw%bd&,mdifﬁpamﬂmmwmﬁ,mismﬁqmy
mmwmmiigmhmmPMinﬁm(Q?

Frequency = 20 X 5 = 100 Hz

{x}nrawgmughmammmmmm(mmmbymepmwmcim
shown in figure (D) varies with time (7). Assume that the maximum value of V is 3V,

V V
3V]

.
1]

- ]

, OR

(For identification of V as a periodic function of 7)

(For the shape of the curve as shown above) .............cccccuveveeieinnns 01)
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() The output of the photodiode circuit in figure (D) is now connected to the input of
the circuit shown below. Number of turns in the primary and the sccondary coils in
the transformer are 25 and 750 respectively. Assume that the value of capacitance C is

R

=

(i) What type of transformer is used in the above circuit?
Step-up transformer ' e eeeereearaeaeans 01)

Note: The diode shown in the above circuit is not there in the
corresponding circuit diagram given in the question paper under part (f).
As such it has been decided to award the total of three (03) marks assigned
for the following parts, to all candidates irrespective of whether they have
attempted the question or not.

e eeeee e eees e (03)

Total: 10 marks

Additional information for future references
Under this situation, take the Zener diode voltage (V;) as 75 V.

(1) What is the walue of the vollage that con be expocted across the Zeser diode?
VO - 75V

{iif) Draw a rough skeich 1o show how the output voliage ¥, varies with time 7. lndicate
the magnitude of the oulput voltage on the V, asis.

|4
75V

t

(g} A student srpues that the expesiment describud ahove has provided & method o constract
4 do wrde voltage converior. Would you agree with g argument? Explain your answer,

Yes, both input voltage (1.5 V) and output voltage (75 V) of the circuit are dc
voltages.
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8, (@) Bernoulli’s equation for a fluid flow can be written as F%%gk} + helg = constant, where sl symbols

have their usual mesning. Show that the term ?&v’ has the ualt of emergy per unit volume.

{8} Sri Lanka has oune of the most sdvanoed ancient irigation sysiems in the world. Such an irrigation
system which supplies water for farmers and villagers consists of three major features a5 shown in
figure (1)

Feature 1 © The tank or reservoir and the
darm,

Feature 2 : The omgoing water cansl frm
the tank which is exposed lo

Featore 3 . The Bisokotwes falso knows as
cistern slalced is a rectangular shaped vertionl
tower chamber with walls made of stones or
bricks (see figare (1)), When it is required 10 release water from the tank, the water is first allowed
enter the Bisokotuwa In which the speed of the water flow s drastically reduced. One reason for this
reduction is the sudden increase in the cross-sectional ares of the water flow within the Bisokotuwa, In
sdddition, a substantial amount of energy of the water flow is also lost, within the Bisokotrws, due 10 the
collision of water with the stone walls of the Bisokotowa.
For your calowlstions, assume that the steady snd streamiine Bow conditions can be applied along the
dotted line paths shown in figures and the helght of the water level in the tunk remains unchanged.
Consider an rigation systern which consists of only the features
1 wnd 2 us shown in fipee (),
{i) H the beight of the water level in the tamk s A, derive

an expression for the speed v, of the cuigomg water s

point (0 in termws of & and g
() i & = 128m, culenlate the value of v
i) Calculate the kinstic cncrgy per onit volume carried by

the water 31 point 2. The density of water is 1000kgm™. LY Figure

ted To control the destructive power of the outgoing waler, ancicnt engineers incorporated the festure 3, the
Bisokotwea to the tank as shown n fipwe (1)
{i} The water cuters from the tank o the Bisokotwws trosgh o tuene! e shown in figure (1) Asseme
thet the tunoel is tapored, and areas of cross-sections of the tunel of the inlet and outiet are
A and 0,64 respectively. Calculate the speed v, of the waler flow at the point B in the el
Tuke the spoed of the water fiow uf the inlet £ of the humnel 25 12ms™
(it} ﬁmmgﬁw%nwww #, of the water fow at the point B in the tunnel. The atmospheric pressure
i b Y N
(i) Consider 3 poimt € in the oulgoing water canal where the pressure and the speed of the waler
flow wre at the values of 7% of P, and 65% of v, respoctively.
{1y Write down the value of the pressure of water flow P st the point C
(2) Write down the value of the speed of waler flow v, & the poist €.
(iv) Calculnte the specd v, of the outgoing water 3t point D shown i figore (1)
(¥} Caloulate the percentage Joss, in kinetic energy per undt volume carded by the water 8t point D
shown in figure (1) with respect 1o the value caloulnied in (BMHI) above.
(vi) Espisin briefly, how ancient engincers mamaged o control the destructive power of the omgoing
water flow by adding the Bisokotuws (o the imgation svsiem.
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(a)%clv2 = (kgm™) (ms™)? > (kgms2m)(m™3) oo (01)
- Jm™3

(Reasonable steps, using base units or dimensions, should be clearly shown in

order to earn this mark. Equating the base units/dimensions of d¥2 to base

units/dimensions of energy per unit volume is also acceptable)

(b)(1) Applying Bernoulli’s equation to the points S and 0,

(No marks, if additional terms appear in the equation.
Any symbol for atmospheric pressure is acceptable)

171 - Zgh .................................. (01)
(i) v, =V2Zx10x128
v =16mseeee (01)

(iii) Energy per unit volume = =X 1000 x 162 = 1.28 x 10° J m* .(01)

(For substitution OR final answer)

(¢) (i) Applying continuity equation to the tunnel,

AEUE = ABUB OR A X 12 - 0.6A X UB ..................................... (01)

(For correct expression OR substitution)

Vg =20 ms e (01)
(i1) Applying Bernoulli’s equation to the points S and B,
1

10° +12.8 X 1000 X 10 = Pp +§x 1000 x 204...................... (01)

(For correct expression OR substitution)

Pp =28X 10*Nm2oooooooo (01)
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(i) (D P. = 0.75 X 2.8 x 10* =2.1x 10* Nm™.

2)v, =0.65%x20ms'=13ms’

(For correct substitution)

(iv) Applying Bernoulli’s equation to the points C and D,

Po+>dv? = P, +-dv? OR

105 + 2 x 1000 x v2 = 2.1 x 10* + 1 %1000 x 132 (01)
2 2 2

(For correct expression OR substitution)

v2 =42 +169 — 200 = 11

v, =3.32ms' [3.30-3.32] m s’

(v) Kinetic energy loss "

_ (162-3.32%)

—2 X 100% = 96% ..o (01)

(For correct substitution OR final answer)

(vi) By destroying a significant amount of energy of the water flow within the
Bisokotuwa. URSTRset (1] §

Total: 15 marks
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' 6. Read the following passage and answer the questions.,

Ocean waves are generally caused by wind and gravity. Wind-driven waves in the ocean as well as tsunam;
waves and tidal waves are some cxamples of gravity waves. When wind blows across the surface of the
acean, water surface of the ocean i comtinuousiy disturbed by the wind. Under this situation the force of
gravity tries (o restore the equilibrium at the interface between water and air. As a resuly, acean waves arc
created. Oocan waves can be categorized inte two main types. namely deep-water waves and shallow-water
waves. The terms, shatlow water waves and deep-water waves have nothing to do wiih the rue depth of the
ocean. The waves present in the ocean where the depth () of the ocean is greater than half the wavelength
(43, of the wave are calfed deep-water waves. When the depth (/1) in the ocean is less than half the wavelength
(21, of the wave they are called shalfow-water waves. The wavelengths of deep-water waves are in the range
of m-1km whereas the wavelengths of shallow-water waves are in the range of 10 km-500 km in the
ocean. The value of the speed of propagation v of shallow-water waves in the ocean of depth 4 is given by
v = ok . The uverage depth of the ocean s about $km,

Major tsunamis are caused by large-scale disturbances in the oovan, Shomting....... L and
such as underwater carthquakes. volcanic eruptions occurring on or fﬂi il
below the occan floor, and impact of a farge meteorite with ocean.  Mean sea fevel Iy,

A tsunami is & series of ocean waves with very long wavelenpths, - : ““j,/ \~/}\J :
rnging from 10 km-S00 kot in the deep ocean. Even though the Fsunam

shape of » tsunami wave can be approximated 0 a sinusoidal wave
mn the deep ocean far away from the shore, it gradually takes a 4 - (Ocean floor
complex form as it reaches the shallow water near the coast 88 e Figure Ha)
shown in figure Iia). Depending on whether the firt part of the

isunamy wave which reaches the shore is a crest or a trough, it may {..mq{\ﬁ * fand
appear as a rapidly rising or falling tide. In some situations, the from / ’%

of the waveform can take a very complex shape near the shoreline
as showa in figure Hb), and it may appedr as a rapidly receding

of the shoretine followed by an incoming huge wave height grown '
‘ _ PR . _ Frough, /
up o several metres. The rate of transfer of tsunami WAVE Chergy A !
through the ocean surface, which depends on both its wave speed Shoreting —
and wave height, remains ncarly constant, In general, the value of the Figure T(h)

hewght # of the sunami wave ax it enters shaliow water is given by

E
H =H, ( %i} . where H, is wave height in deep water, and A and
)

k, are depths of the shallow and deep water respectively.

When tsunami waves propagaie across the ocean the wave crests can undergo

refraction. It is caused by segments of the wave moving at different speeds as the

water depth along the wave crest varies. In addition, due to eneven variation of the

ocean Roor near the coast and obstacles such as small islands, reefs, etc., on the

tsunami path, these waves undergo interference and diffraction. The distribution of

sunami wave heights was estimated by a group of scientists along the coastline of

St Lanka after the devastating tsunami that had occurred in December 26, 2004,

The length of the lines in figure (2) shows the heights of the tsunami wave crests

along the coastline. Superposition of waves from the primary source and reflected

and diffracted waves from obstacles was responsible for the enatic pattem of the

wave heights and the varying damage along the coastline.

{a} Explain bricfly bow the ocean waves are created by wind and gravity, Figure (2

thy What is the difference between decp-water waves and shallow-water waves exist in the ocean?

@) What are the three causes of tsunami wave formation mentioned in the passage?

- tdi ldentify the type of the sunami waves possible in ocean (deep-water waves or shallow-water waves), and

! estimate the speed of tsunami waves in ms in the ocean having an average depth of 4 km,

f ie) The height of tsunami wave rapidly increases as it approaches shallow water near the coast, Explain

! qualitatively why this happens.

ot Calculate the height of the sunami wave in the ocean it a place where the water depth 15 62350 m

! Take the herght of the wave at a water depth of 10 m as 5 m. Considering the wavelength of synam
cvntar whu it i diffienht s detecr 1ounami waves in the deep ocean.

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included 28



https://pastpapers.wiki/

Department of Examination Confidential

£} Assuming thal & 1Suner w&wMtﬁcWMi&&mﬁxﬁmmmmeMy
mﬂmmmmmmmmmhﬁmmmamwmﬁm‘

(b H the tsunami waveform mestionod is question (g) shove can be
Wx&mﬁwmdamwmﬁwmi&wixm Moan
the time durwion in misgles betwoen the iostant thit the shomdine ;
starts peceding into the oocan and the arvival of the water mass ¥ the
former shoreline. For the pan of sisusoidel wave, toke v = 10 m s™'
and A= 18 k.

(i ﬁgm{:%;ﬁmxmmm&amwhﬁ#akmﬁgﬁ
Wmm&@mwmmgmmmwmﬁ o
What phenomenon could be responsible for this? Explain your answer. Figare (3}

Q&W&WWMWW%MM%WM
even the west comst of the istand sx shown In fgure (23

Lan
side

&
i
3
£
X
§

(a) When wind blows across the surface of the ocean, water surface is continuously
disturbed by the wind. The force of gravity tries to restore the equilibrium at the

interface between water and air. This creates the ocean Waves. ......ccceeeessniines (01)

(b) Deep-water wave:
When the depth (4) of the ocean > half the wavelength (1) of the wave OR
Waves present in the ocean with wavelength (1) ranging from 1 m— 1 km.

Shallow-water wave:
When the depth (#) of the ocean < half the wavelength (1) of the wave OR
Waves present in the ocean with wavelength () ranging from 10 km — 500 km.

(One answer from each type must be correct to earn this mark)............ (01)

(¢) Underwater earth quakes, volcanic eruptions occurring on/below the ocean floor,

impact of a large meteorite With ocean. .o 01)
. (d) Shallow-water waves e 01)
p=v10X4 X103 =200m s e (01)

(For substitution OR final answer)

(e) Total energy depends on wave speed (V) and wave height (H) and it is a constant.
As wave approaches towards shallow water, v decreases. Therefore, H will
increase.

RSSO (1} §
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0 H, = Ha (32)’
3_
5= Hy (220 o 01)
Hy = 1.0 Moo (01)

Even though the height of the tsunami wave in deep ocean is signiﬁcaﬁtly
large, it spreads through a distance of A/2 (few hundred kilometers) which
makes it difficult to detect.

(g) First part of the wave shown in figure 1(a) is a trough, and it appears as a rapidly

receding of the shoreline. (01)
_ A _ 18x10% _ 3. _ .

W T = == 1.8 X 10°s = 30 minutes et ———————.as (01)
T .

Time duration = — = 15 minutes.....cooovevverevieeeeereeeean, (01)

(If the correct time duration calculated using the equation 51? award the both marks)

() Interference. e 01)

Superposition of waves from primary source with reflected and diffracted waves
creates constructive and destructive interference OR

Constructive interference Destructive interference

(wave from (wave from

primary source) /\/\/\ E primary source) /\/\/\
+ - :

(reflected or (reflected or + - OR
diffracted wave) diffracted wave) \/\/\/ VNN

(For both diagrams)..............ccooun........ 01)

(/) This is due to refraction.

Segments of the wave moving at different speeds as the water depth along the wave
crests varies. As a result, ocean wave crests can undergo refraction. .............. (01)

Total: 15 marks
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T i Concrete 1 a hardencd st of cement, sand, gravel and water. Remforced conoreie structures are
strustares conposed of conorete and siee! bars. ALl ngid bodies, such as steed and concrete are elastic
o semie oxtent. Concrete 15 strong wwher compression bt weak under extension white stexl is strong
goder both situations. As a combinaton, concrete maindy resisis compression, and steed bars mainly
sysphnn the loaon

Comseder o plan conorele bearm having rectangular crossosedtion, aml nercie howm

without steel bars, Kepd on bwo supports, and subpected [0 8 load W “
as sheswnon fgure b Dnder this suuation the bottom part of the e
bewm will expenence an extension while the top pant will expenence , it
& commpression as shown with dofed s [ Spppts e

1y Wheeh dide of the plain concrete beam (op of bottom) s most Figure 1y
sufnerable to crack amber the load W7

(iy o improve the siuation shown in figare Ha), steet bars are inserted
clomer 10 the bottosn of the concree beam at the production Sage
as shown i figure D), Based on the formation given @ the
beginning of the guestion, explain, how this mproves e load
waritg capacity and prevents cracking of the concrete heam

Figure b3

b The rensile steess {7 - srmn {?j retationship for mild steed (5 can be modeiled, as shown in

figure Xad Byen though comiree a brittle material, the tensile stress {:‘i $tran f%gé relationship
of the concrete (€ under tensile force can also be modelled as shown in figure 2(b) In rantorced
concreie, stect bars are well bonded 1o concrete. thus they ¢an jointly resist external fonds together until
eoncrete oracks.
When the curve roaches the point 2 shown is Sigure 2(bi, the comcrete will crack.

;gixiii%’\v m §£~§yi§?‘w o

P&y LAT
A
iKY

Figure 3

Using the figures ay and 2Dy,
() caloudate Young's modaolus of mild steed £
i) caleulate Young's modutus of concrete £,

Figure (3) shows a remforced uniform concrete boam of length

{ keptoon a dpad borizontal surface. The beum is reinforced

with concrete andd ldenucal four aniform ovlindnical mikd stec)

bars each of length £ The tensile stress-strain relationships

corresponding o the concrete and the steel used wre given

i Rgures 2u) and U respeciively. Assome thit the beam

i subjected 1o ol wosile force of F applied umformly

theoaghout the ares of cross-section of the beam, and mild

steel bars and concrete produce same  extension Al under

the tensile force. croms-sertionsd view

{4 Wrte down an espression for the tensile force (F.) on concrete in terms of £ ., arca of cross-section
of the conctete A Land Al

{1} Write down an expression for the tensile force (FJ on the four mild steel bars in terms of £, total
area of groms-section of the four avld steel buas 4‘ fand AL ’

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2018 | Amendment should be included 31



https://pastpapers.wiki/

Department of Examination Confidential

Gid Prior to concrete cracking, if the total tensile forve F s carried by both concrete and the steel, obtain
an cxpreswion for e total tensile foree £ on the rinforced concrete bea
(vi The arca of cross-seetion A of the reinforced concrete beam is dh. See figure (3. For the beam, take
£ = KK v, raidios of a cylindrical mild steel bar r=6mm_A7=0 P, of = 150 rm and & = 280 i
CH) Physicalty under what condition the expression obtained i (cWiid atove is valig? tise the
data provided above for the reinforced concrete beam and show that the expression obtained
i cliny s physically valid for the beam,

A

(2% Caleutate the value of F. (For your caleulation, if »fl 5 3% then take A = dh, otherwise take
L L ' ’

A wdh - A Take 7 ax 3

3.

vy Calculate the mimmum tensile foree which cracks the reinforced concrete beam,

(@) () Bottom e (01)

(ii) Steel bars experience extension at the bottom of the beam where the cracks are
most likely to be created OR

For a given load steel bars have smaller extension OR

Steel has larger Young’s modulus. ... (01)
(For any correct answer)

3.8x1010

B) () Es = === 2.0 XTIOMNM2 e (01)
(i) Eg = =200 = 2.5 X 101 N2 oo (01)
(¢) (i) Force on concrete Fp = EC—/:C—A—l SRR (1) )
(i) Force on mild steel bars Fg = ES—-/-;S—AZ IR (1) §)

(if) Total force on the beam Fy = Fg + Fs OR F, = 2 (E, A, + E Ag)

(For addition)
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(iv) (1) Concrete must be within the linear/proportional region of the curve OR

Concrete must be below the cracking stress / (f)c <2x10°Nm2OR

Concrete must be below the cracking strain / (%) < 0.08x1073
c

(For one correct condition).............(01)

Al 0.
For the concrete (——-) =21 _ 0.05 x 1073
1/)c~ 2000

Al

(T)c = 0.05% 1073 < 0.08X1073........ccoo.ce...(01)

Alternative method

For the concrete G) = 2.5 X 1019 x 5%)1_6 = 1.25 X 10° N m™
c

F

. (—) = 125X 108 <2X 108 ..ooveooeeecererrnnn(O1)
Alc

amr? _ ax3x(6x1073)

— -2 _ o
dh - (15)(10—2) X(25X10"2) - 1-15 X 10 == 1.15/0 ....(01)

@)= =

Ag

Al
F = T(EC Ac + E5 Ag)

0.1
F, 2000[2.5><1O X (15x107° x 25 x 1074)] +

%‘015[2 x 1011 x 4 x 3 % (6 X 1073)?]

(One mark for each correct term)

F, =5x1075[9.375 x 108 + 0.864 x 10%]
F, = 5.11 x 10N [5.10 -5.12] x 10N (01)
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(v)
(F)min = (0.08 x 1073)[2.5 x 10%% x (15 x 1072 x 25 x 1072)] +

(0.08 X 107)[2 X 10™ x 4 x 3 x (6 X 1073)?]....._.(01)
(For identification of —Al—l = 0.08 x 1073)

F, = 0.08 x 1073[9.375 X 108 + 0.864 x 108]
F, = 8.19 x 10*N [8.18 -8.20] x 10*N ........ (01)

Total: 15 marks

If a student has obtained the answers for (iv) (2) and (v) disregarding the
conditions stated above, use the following marking guide.

(iv) (2) Ac = dh — A
Ac =(15%1072x 25X 107%) —4 x 3 x (6 X 107%)2 = 3.71 x 1072....(01)
[3.70 -3.72] x 102N
F, = %I(EC Ac + Eg As)

0.1
F, [2.5 X 10 x 3.71 X 1072] + ——[2 X 10! x 4 X 3 X (6 X 1073)?]

~ 2000 2000
(One mark for each correct term) .................... (02)
F, = 5% 107°[9.267 x 10 + 0.864 x 108]
F, = 5.07 x 10*N [5.06 -5.08] X 10*N ......... 01)
(v)

(F)min = (0.08 x 1073)[2.5 x 101 x 3.71 x 1072] +
(0.08 x 1073)[2 x 10" x 4 X 3 X (6 X 1073)2]........ (01)

(For identification of =~ = 0.08 x 10~%)

F; = 0.08 x 1073[9.267 x 10® + 0.864 x 108]
F, = 8.10 X 10*N [8.00 -8.20] X 10*N ........ (01)
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B A copper stnip of width o and thickoess 7 cervies a corrent 7 from wp o

hattom as shown i igure 16 The strip is kept in 5 aniform T e

field of Bux density H directed perpendicular and o the plane of the

stap. Cross-sectionad view o the same arnngement s alss shown i figure ]

itby The charge carmers are clectrons and they deift with drift speed vy w Mﬂ«w a

igr i What & the dirsvtos of the magete force acting on the electron ” . wﬂ .
gy shown w hgare by Copy te figure b} 10 your answer S ,:Vt ~ , ’?;
serpt and cleardy drsw s v cn the dlsotron o indieste the
dirconon of this foree
Now o you roplace e copper sinp shown in Sigate 16by with spother sing having positively charged
cemien. what i the direction of the magnetic force acting on & positively charged cmier?

Figgre ttas Figuse b

As tme gocs on o the coper sinp desonibed in fei above, there would be 8
Aew cquiibrium stution with regard 16 the charges residing, Copy hgare (23
ke you amswer sonpt and disstrste this new equilibnum situation ssing 4+ 1o
fopresent positne charges and - (o represent negative charges.
Explan the reason 1o bave e eyuilibnum condition as mentioned 1n (b
Brefly descnbe how you would ase thes effect s verify that holes in s pivpe
serwoBductor are pesively chisged cartigrs,
a3 Bense an exprossson for the Hall voliage Vo mmerms of v, B and &
the cument 7 fowing tevugh a conduchr, sich as copper, Can be wnllen as
Fe nedv . where all symbols have their usual meaning.
i1 Denive the equstion I= sedv
{2y Obtn an expressaom Tor V,, for the copper sinp in terms of w2 2 ] und B
133 Consader & copper stnp of thickoess 1% 107" m in 3 uniform magreiic field of 05T B 7= 484
amd Vo= 15« 100V, caloulate the mumber of chirge cormers per ot volume 8 copper Take

exthx 1Y

) Cardiologists monitor the flow speed of blood through an antery using an clectromagnetic flow meters.
A schematic diagram of the relevant pants of such a flow meter is shown in figure (3).

i%%s:zmrk
x *® « ¢
Gﬁ;} {j * % * * i} g \s
§ s
i Blood oy

p

¥

A
W4

. Electrode ) .
\\{;‘%&3’ Riod flow Figure (3) Com-sirtions] view

Blood plasma has o high concentration of Na* and €1 ions moving through the artery with the blood

a the same speed ¢ and same direction as the blood flow. Assume that the fons in the blood behave

as charge caroers.

) When the blood flows through the artery shown in figure (3), what is the polarity of the electrode 7
Give the reason for vour answor,

(1) 1 the flux density of the uniform magnetic field spplied to the system is B and the diameter of
the artery is L), wnte down an expression for the magnitude of the voltage VJﬂig across the two
clectrodes P oand (0 in terms of v, B and D, ”

Gy IE Vi, = 160 gV 0 = 3 mm and 8=2x 10" gauss (1 gauss= 107 T), calculate the value of

speed ¢ of the bood through the antery, |
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@@® | ©| Oor ©» OR >

.................. (01)
(ii) Same direction as in (a)(i) OR Same direction as on the electron................ (01)
(OR a figure as (a) (i)

(b)) _
RSO RO PRURURURSTUURI (01)

+ + + +
|

(For at least one “+” and one “-”)

(ii) Electrons will move to one side of the strip due to the magnetic force acting on

them and it creates an electric field. Further movement of electrons towards the

side is prevented by the electric field. ..........ooveveerereeeererserseeren, (01)

(iii) By checking the polarity of the sides of the strip using the situation described in
(a)(ii) [relative to the situation described in (a)(i) for electrons], if the right side of
the strip is positive (+) relative to the left side, the charge carries are positively

charged holes.
1
| OR
) + x B
- +
) + (If the diagram is given, the directions of 7 and
. Y + B should be indicated.)
1
AN 01)
- Vs
(c) (i) Ifthe electric field produced by the charge separation is E,
Electric force on charge ¢ = magnetic force on charge ¢
14
gE = quyB and E = -E}i (For any correct expression)........... (01)
Vi =dugB oo, (01)

(If the equation is not derived, v, should be there to award the mark for ;)
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(ii) (1) Consider a small time interval ¢ (or At),

tvd

9

Current | = %

__ne(tA v4)
t

I

I = nevzA

Bid BI

(2) Hall voltage Vy = = et

(Correct expression OR For identification of 4 =dt )

BI

(3) Concentration of charge carriers N = ra—
H

0.5%x48

T 1.6x10719%1073x1.5x107¢
(For substitution OR final answer)

(d) (i) Positive (+)
Magnetic force acting on Na* irons directs them towards the P

(For the correct answer and the reason)

(ii) Using the expression obtained in (c)(i)

v = 160x107°
T 5x10-3x2x103%x1074

v=16%x10"1ms"

Total: 15 marks
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!..MWMQMwmmm

(A} kﬁwdmﬁ%ﬂnﬁm{i},&?eﬁMamﬁﬁ“c-mmj'ham. >
wmmmxammmm«ﬁﬁmmumﬁmzmm v
valoe i3 1 kK
tmmmssmmmmmwmwmmw
ABCD shown in figure (2), pelac Figure (1)

Amplitude and the width of the voltage pulse are SV end 10ms 4 7 5
mw‘mmmbmumwmm
with & speed of 2x 10° ms”', Assume that the rectangular shape of L
mmmwmamw@m*

() How long does the edge AB of the voltage pulse take 10 travel b,.0m 4
across the length of the resistor Z of 2em long? Figwe

;ii} memmmmmwa-ﬁvmmmemammm
{Hi} Assuming that the resistor has @ value of | Mmmwmmammmz

by the voltage pulse.
gc}mmsigmmwwmymmwmwmmu
gure (3}, |
-1 S
WM TN
{ms Figure (3)

Ma@wwginﬁwmgwmw.awfuh‘im*Mmmwamissmi
Under this situntion, caloulate the power dissipated in the resistor Z when its value is | Q. '

{&AWWMGW&M@M%%W
by a pulssting cusrent source ¥ eoters two resistive wires of fengths ,M 1
1, and 1, as shown in figure (4). ___@‘* T )
Assume that oll the other compecting wires in the cirouit have ¥

negligible resistance. ‘The two resisive. wires of leagths 1, nad 1, b

each having wea of cross-section A. we made of & mewerial of ,

resistivity p. Figure (4)

{%;wxzm&mmmwmm«wgwg,mw&mm
expressions for R, and K, ’

() Desive expressions. for the amplitudos /, and £, of curront pulses through the wires of leagth /,
and , respectively in terms of £, /, and 1.

fe} A gaseons X-my detoctor consists of & resistive amode wire )me
PO of length £ sumouaded by o seitable gas 8 shown in s n s s s nn o sy
figure (5). Seppose an X-my photon is sbsorbed by the | Gas !
gas producing & narrow dlectron pudse in the gas dose o !
the point § of the anode wire as shows in fgoee (5). The ﬁ;r e S} v I
mnode wire has the capability of extracting this electron palse ! . oy <
from the gas and forming an clectron cwrent pulve #t the | L -
point § of the anode wire P(J. Subsequently, the clectron | '
current pulse gets divided o two and move through the  wrermrerevrererrveeres )
wire in either ditection with speed v, Figure (5}

H Az is the difference in the arvival times of the two clectron cwrent pulses to roach the ends £ and
memwim.mﬁ\wmmmxmmapﬁmymmmsmm

X-ruy photoss bs sbsorbed, in terms of As, v and L.
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In this question use of IR and VI for calculating power, whenever relevant, is acceptable

V2 25

(a) Power dissipation = — =

R 103

(b) (1) Time taken to travel 2cm =

(i1) 10 ms

(iii) Energy dissipation = 12—053 x10%x 1073 =25x10"3x10x 1073

c e . V2
(c) Power dissipation= - X 1 ms X frequency

& 1 1
= — ms X
R Period
25%x1073

T 103x5x10~3

@ (1) 1’31=p%1 and R2=pAZ
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(ii) I
,.....,..2..."'_ Rl 31
_gj;:&h,‘_wzut_.
' R} L2
1
Potential differences across the wires of length I, and l, are equal (say V).
vV |74
I = ;e—(X) and [, = -R—.....(Y) (For any expression)......(01)
1 2
I R [
Using (X) and (Y) = 2=2_2
I, R
h_bL Lh_ R
i OR LR, e (01)
Io =13 F Ly (01)
. . . - 11 lz 11 R2
Eliminating I, from the above equations, == or ==
o—I1 Ly Io—1, R,
— L
L =1 L4, e, 01)
Ig—I l -
Eliminating /; from the above equations, =—* = 2 gr Lzl _ R
I L I, R,
— L
L, =1, Ll T (01)
P x S L-x g
ty == and t, = == (For any expression)..................... (01)
At=t, —t, =~ (L _ x)
- " 2 v v
v L
x =2 (At + 2 e, 01)

Total: 15 marks
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Bt The circuit shown in flgure 11 iy constructed gsing u silicon ransisior B R A B ¢
of carvent gaim HOO Assurne that 07 Vs seeded 1o forward bias the L0

base onutier juncton of the transistor, s -

R [ T————

. ) . g o
{13 Caloulate the mamum curment possible throuph the coltector resiston Vie m;r
Y

tiy Caleoiae the maxmmwm value for K, which ensures the codition
stated a0 0 abowe for Vo0 SV

Gy W the trnsisior i the above circuit has been replawed later by a ¢
smlar trnsstor but having o current gin of 50, keeping K, wt Figare (1}
the value calvudated W {0 above
(1} Cadculate the voltage @t the outpwt ¥ for V, = SV,

{21 What s the new mwde of operation of the tansistor?

The digial coout whose Mook diagram 15 shown in fgure (2) operies as
follows A

Fach of the inputs A and 8 accepts bimary | or 0. F F, and F, are outpits,  ge .
where

[ S—
F.w 1 only when A = B, otherwise £, = 0 Figure (2)
!

Fooo b only when A < B, othwerwise F, o= O
Yoo b oowly when A » B, otherwise f«‘; o

X
w
%

() Prepare a truth tubde with A and B a8 mputs and F L F, and Foas outputs
(i) Wrte down Boolean expressions for F, F, and F.
(i) Draw a dome orouit which operates acconding 1o the conditions given above, using logic gates.

5
1000

=5X1073 A, [SMALocoreeeseseeeecessereeesssnnensnn(01)

@G  U)max = ST RRTOPRUROOPROOOOOR (1] §'

(Up)max =% SN (11 )

SSTTRROTTROSSOTRORRON (1 §

_IB RB OR

5X1075Rg oo (01)

(For correct expression OR substitution)

Rz =86 kQ............. rereeeerrr e SUTRSSPP ceeereeens ....(01)
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(iii) (5—0.7 =13 x 86 x 103)
I =5 XT1072A oo (01)
(1) Ic =PIz = 50x5x10"°
= 25X 1073A e, (01)
5—-V,=25x10"3x 103

VE =25V e 01)
(2) Activemode e (01)
b) (i
&0 A|B|F)|F,| F;
01010 [T 10 | e, (01)
O[1]1 [0 |O
1100 o |1 (For correct truth table)
1110 |1 {0
(i) F; =AB and F; =AB  (For any expression)..................... 01)
F, = AB + AB e (01)
(iii)
1403 1’ ‘B B

.__ND— F3 ’_—D’:'D“_ F; _ F

(OR any other correct circuit)

(If all outputs are correct).............ovviviiriiccnccecnennnnn....(02)
(If only two outputs are correct)................uecierceereerccnrnnnnnn....(01)

Total: 15 marks
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10. Answer gither part {A) or part (B) only.

{A} Frying is a food processing technique which involves the e of hot ol as heating modium to prepare food.
If the frying is dome using & lurge quantity of oil with respect 1o the quentity of food makerial w be fried,
then it is called deep frying. I it is done with a relstivoly smaller quantity of oil it is called stir frying.
Gm;ymfmmmmenmwwwam'cf-mw:mmmfmmm
temperature vange of 115°C~100°C, Deep frying is expensive, as a longe quantity of oil hes to be replaced
regularly, however, in most of the cases deep frying yields mstier food.

Results of an investigation conducted by & student in an attempt @ achieve higher temperatures by using 2
small quantity of oil is given below, To incresse the heat capacity of the sysem and there by (o achieve higher
temporatures, he has used small reusable solid porcelain spheres mixed with @ relatively small quantity of oil.

(@) As the first step, the studest powed 02kg of ol into a suitable pot having outer walls covered
with an insuleting material, and heated wpto 200°C using & small immersion beater. The heater
was then removed snd 02kg of dry food materisl was added instomtly and mixed with the
ail. I the specific hemt capecities of the oil and the food matenal are 16501kg" °C*' and
16003 kg™ "0 respectively, and the initial temperature of food material is 30°C, celculste the final
tempersture of the misture, Assome that the heat capacity of the empty pot is negligible compared
with that of oil, and the heat foss w0 surroundiog s also negligible.

i) Suudent then empticd the pot and added the seme wnount
032 kg of fresh oll as in {d) sbove and also a cerlain
amount of sroall solid oniforns poreeiain spheres. Assume that

packed, in the regulsr marmwer freguler
gore {1). The spheres were added
that the space of the voids created

ure {13},

As the spheres are pucked in the regular masner, considering

the unit cubes occupied by spheres as shown in figme (2), show
that the total volume of spheves is equal 10 the volume of ofl

containing s the voids, (Take x w 3)

{ify If the devmities of the oil and porcelsin are 900 kg ov ™ snd 2500 kg m*

¢

{iil) The student then heated the pot contwining off together with the porcelain spheres upto 200 °C, and
agein added and mized the same amount (0.2 kg of the same food musderial at 30 °C, oy | _
If the specific heat capacity of porcelain is 1000 J kg™ *C', calodate the finel temperuture of the
mixture, Neglect the heat capacity of the emply pof and the heat loss 1o surrosnding.
{(c) What is the advantage if smalier porcclain spheres than those used in the above investigation are used?

(a) Let 8 be the final temperature of the mixture.
Amount of heat lost by oil (200 °C), @, = m, C, (200 — 8)
Amount of heat gain by food material (30 °C), Q5 = my (¢ (6 — 30).........(01)

Q= Qf OR
m, C, (200 — 6) = mg Cr (@—-30)......ceceevveeeen(01)
0.2 X 1650 (200 —0) = 0.2 x 1600 (6 — 30)

(If all the terms in the above equation are correct, award all 03 marks.)

(200 — 6)1.65 = 1.6 (8 — 30)
6 =116.3 °C [116.2-116.4]°C
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(b)()

4
Volume occupied by a sphere 57"‘3 _4x3xr3

Volume of a unit cube T (2r)3 243 Tttt

~ Total volume (V) of oil within the voids is = Total volume of the spheres ...(01)

(ii) Let d,, and d,, be the densities of oil and porcelain respectively. If the mass of
the porcelain spheres is m,,

m, =Vd, and m,=0.1=Vd, (For any expression)
0.1 0.1
p —;,'dp —9—0—0X2500

m, =028kg  [0.27-0.29] kg

Alternative method

Since the total volume of oil within the voids and total volume of porcelain are equal,

m d
moed »=2="C o (O1)

me do

mp 2500
0.1 900

m, = 0.28kg [0.27-0.29] kg

ORI (11 )
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(iii) Let 8’ be the final temperature of the mixture.

Amount of heat lost by oil (200 °C), Q, = m, C, (200 —68") OR

Amount of heat gain by food material (30 °C), Q; = my C¢ (8" — 30)
(For any expression)............... (01)

Amount of heat lost by porcelain (200 °C), @, = m,, C, (200—-6")..........(01)

Qo + Qp = Qf OR
m, C, (200 = 8") + m, C, (200 — 8") = m C; (8" — 30)...........(01)
0.2 x1650(200—-6")+0.28 x 1000 (200 —8")
= 0.2 x 1600 (8’ — 30)

(If all the terms in the above equation are correct, award all 03 marks.)

1.65 X (200 — 8") + 1.4 x (200 — 8") = 1.6 (8’ — 30)
0’ = 141.5 °C  [140.5 - 142.5]°C ....(02)
(02 OR 0)

(¢) Heat can be transferred to oil very quickly UUEERURURRRRRRRR (1) §'

Total: 15 marks
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Bita) The diagram given in figure (1) shows the essemtial parts of & setp ‘«*xﬁ@mm

mecessary 10 cary out the photoslectric offert expenment, ‘

{1} The part marked as D is a volmge supply, What are the two main [ ”1:;;\
features, 3 should have i order o oblain photoelectric cirrent { 3‘{5 : }N
(13 - poremtial Gfference (V) characteristic? | N

{t; Mame the parts labelled as A and B, i (B} &

ity Two monochromatic light beams, green {wavelength 4 | and red g&:g
fwavelength 2 (> 23] colours with same intensities measured in imeter )
W m? are aflowed o incident on A, one besm at a ume, The Figure (1)

!m;mm tes of the light beams are higher than the threshold frequency of the material made of A

{13 Draw 8 rough skewch to indicate the varistion of 7 with ¥, for both green s red colours in the
same graph. The curves for green and red colours should be clearly labelled as G and R respectively.
Assume that same percentage of incident green and red colour photons emit photoelectrons

(21 H the difference between the stopping potentials is AV and the difference between the frequencies

i Af for green and red colowrs, obtmin an expression for the mso <5 | i wrms of Planek's
comstant h and magnitude of the vlectronic charge ¢ using the Finstein’s photoefectric effec
expution.

£y A centain photoclectric smoke alarms tystem mainly _~ T-shaped chamber
consists of a T-shaped chamber fitied with a monochromatic
Light emiting diode (LED). a photocathode and an
clectromc alarm as shown in figure 2a).
Under the aormal smokedfrec condion, the platons
of the LED light beam travel through the chamber and
miove gway without striking the photocathode as shown
in Agure 2a). When smoke enters the chamber, some
of the photons collide with the smoke paricles and
move 10 different directions without change in their wavedength a8 shown in figure 2(b). The number of
photons thus collides is proportional to the number of smoke particles present in the chamber. Out of the
collided photons. a certain number is incident on the photocathode and generates a small photoetectric
current. When a sufficient number of photons i% incident
on the photocathode # generates an adequate current 10
activaie the dclectronic alarm,

o ke in

{i1 ¥ the wavelength of the photons emitied by the o
LED is 825 nm, caleulate the energy of a photon Figure 2b) ‘o mg”}
m eV, L.

Take h=66x 105, speed of tight in vacosm c=3x10Pms™ and 1eV=16x107)

(i) Two photocathodes X and ¥, made of matenials with work functions 1.4eV and 1.6eV respectively,
are aviilable to you. Which photocathode (X or 1) is suitable 1o construct 3 smoke alarm system
with the LED mentioned in (BKI) above” Jusufy your answer.

Gii) Power of the LED is 10 mW. If only 3% of encrgy goos into produce light of wavelength of
825 am, calentate the number of photons emitted by the LED per second.

fivy Photocathode should receive af least 200 of the emitied photons per second from the LED to activate
the alarm. Caleulate the minimum pumber of photons per second that should be incidest on the
photocathode to activate the alarm.

{v] When photons are incident on the photocathode, only 3 pant of the incident photons contributes to the
emission of photoelectrons. Assuming that ondy 10%: of incident photons ennts photoelectrons, calculate
the mimmum photoclectnic current that shoukd be generated by the photovathode 1o activate the alarm.
Take ¢ = LOx 107 C
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(B) (a) (i) dc, variable and reversible (Any two correct)................(01)
(ii) A- Photocathode/Cathode and B- Ammeter (Both correct)............ (01)
(iii)(1)

et 0 V

Photoelectric current (I), when V >0:
Curve for red (R) should be above the curve for green (G) ..... (01)

Stopping potential (V), when V < 0 and at I = 0:
Curve for red (R) should be behind the curve for green (G) ..... (01)

(To earn these marks, at least one curve and one axis must be labeled. If both
axis are not labeled deduct one mark.)

(2) Let Vi and V; be the stopping potentials for red and green respectively,
and f and f; be the frequencies for red and green respectively. If work
function of the cathode material is ¢,

Forred color, eVg = Afg — @ o vv v e e (X)

For green color, eVg = hfg — ¢ worv e (V)
[For either expression (X) OR (Y)].......vveeeeeeennermvnmnnnnene(01)
(¢ can be written as hfp)

(N-(X) - e(aV) = h(Af)

@n_e
ol e (O1)
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. _ hc _ 6.6x10734x3x108 _
(b) (i) Energy of a photon E = A B25X10-9x1exigoTs orereremrerienn(01)
=15 eV(Ol)

(ii) X, To produce photoelectrons,
work function (or @) of the cathode materia] < energy of an incident
photon (or 1.5 eV). e (01)

(iii) Let 7 be the number of photons emitted by the LED per second.

nE =10 x 10~3 (-1-2—0) e (O1)

(For correct substitution)
If the energy of a photon E = 1.5 eV

_ 10x1073x0.03
 1.5x1.6x10-19

=1.25x10% s . ... (01)

(iv) Minimum number of photons = (=) X 1.25 x 1015 = 2.5 x 1014 g-

(For correct substitution).” = (01)

(V) Number of electrons generated by the photons = (-110—00) X 2.5x 1014

=25x 1083 5. (01)

Photoelectric current = e X number of electrons emitted per second

=1.6x10719%x25%x 1013 .. (01)

(For correct substitution)

Total: 15 marks
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